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FOREWORD 

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the 

responsibility for timely development of needed new technologies. Traditionally, the 

development of new concepts, new materials, designs, and engineering techniques for 

aeronautics has been accomplished in close cooperation with the aircraft industry and 

with the great American universities. On the other hand, NASA, as the primary user of 

space flight, has been its own principal customer for new space technologies. 

A new era of permanent presence in space is beginning with the Space Station. 

This permanent presence will permit and promote commercial ventures and privately 

funded research in the tradition of university/industry cooperation. 

The RT&E workshop in Williamsburg represents a significant milestone for 

NASA and the space engineering community. It marked the initiation of a long-term 

program of outreach by NASA to focus the needs of universities, industry, and 

government for in-space experiments and to begin building a strong national user 

constituency for space research and engineering. 

These proceedings represent a "first-cut" planning activity to involve universities, 

industry, and other government agencies with NASA to establish structure and content 

for a national in-space RT&E program. More interactions are needed - more workshops 

will follow. Program adjustments will be made. A truly national program will evolve, 
I and its beginnings are presented here with the hope and determination needed to make it 

l a program we can all take pride in. 

- Raymond Colladay 



INTRODUCTION 

Among the purposes of the Research, Engineering, and Technology Workshop, an 

interest in validating the RT&E theme concept has some direct effect on the form of 

these proceedings. The original five themes, which were themselves a target for 

validation or recommeded changes, have become seven. During preparations for the 

workshop, the submitted papers and attendance plans made i t  evident that the fifth 

"theme", In-space Operations, was too broad, and would need to be split. As the 

workshop got underway, a further split occurred, brought about by the different levels 

of maturity, and needs for technology planning in several sub-disciplines. Thus, these 

proceedings are presented under seven themes. The volume of presentations, and the 

quantity of information generated by the individual panel summaries has led to the 

decision to prepare the proceedings in several volumes. 

The first volume is an executive summary and includes the summary presentations made 

by the panel co-chairmen in the final plenary session. The accompanying seven volumes, 

of which this is one, each represent a specific "theme", and include the un-edited 

original presentation material used in that particular panel workshop. Each of these 

separate "theme" volumes also include the Foreword, the general Summary and 

Conclusions, and the Chairman's presentation charts and narrative summary. Thus, each 

should represent a self-standing volume to reflect the proceedings relevant to its 

respective Panel deliberations and output, as well as the reflection in the general 

Workshop results. 

2 



WORKSHOP THEME 

Enerav Svstems and Thermal Management 

--Advanced Photovoltaics 

--Solar Dynamics 

--Nuclear 

--Advanced Thermal Concepts 

--Laser Power 
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SUMMARY AND CONCLUSIONS 

NASA’s In-Space Research, Technology, and Engineering (RT&E) Workshop 

brought together representatives of the university community, private sector, and 

government agencies to discuss future needs for in-space experiments in support of 

space technology development and the derivative requirements for space station facilities 

to support in-space RT&E. 

The workshop provided an excellent forum for establishing an interactive process 

for building a national in-space experiments program. It enabled NASA to present to 

the user community (university and private sector) experiment concepts for NASA’s 

technology development activities in support of future space missions. The meetings also 

began a process by which industry and university researchers will be able to bring their 

own TDM requirements to NASA’s planning process. 

This conference reached three primary goals: first, it expanded and validated 

NASA’s in-space experiment theme areas, including Space Structure (Dynamics and 

Control), Space Environmental Effects, Fluids Management, Energy Systems and 

Thermal Management, Automation and Robotics, Information Systems and In-Space 

Operations; second, it began the development of a user community network which will 

interface with NASA throughout the lifetime of the in-space experiment program; and 

third, it formed the basis for the establishment of on-going working groups which will 

continue to interest and coordinate requirements for in-space RT&E activities. 

As an adjunct to the conference, NASA/OAST announced plans to initiate a 

long-term program to encourage and support industry and university experiments. 

NASA’s modest investment in this program is initially targeted for generating experiment 
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ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively 

funded experiments between NASA, industry, and academia and thereby, begin to build 

an active in-space RT&E program. 

Several key points emerged from this conference regarding the adequacy of the 

TDM data base that should be addressed in future planning activities. First, many of 

the experiments could be performed on the ground, i.e., they do not justify a space 

experiment. Secondly, many of the experiments address near-term or current 

applications and do not take into account advanced system requirements. The TDM data 

base must look beyond extensions of current programs to reflect future needs and trends 

to have an effective and useful impact on space station planning and design. This will 

require increased input from industry and university researchers and engineers. 

In order to address these concerns, it is imperative that a long-range planning 

view be taken in which industry and university researchers help NASA derive the 

technology development program. The following recommendations have been developed 

on the basis of the workshop: 

1. Development of an on-going RT&E university and industry advisory group; 

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms 

and as working sessions to refine the TDM data base; 

3. Development of an RT&E information clearinghouse; 

4. Development and continuation of the new experiments outreach activity 

announced at the RT&E workshop; 

5.  Development of an "impacts assessment group" which will focus its energy on 

identifying experiment accommodation requirements to impact the design of 

in-space facilities, i.e., space station and others. 

5 



If carried out, these recommendations constitute movement toward development 

of an effective NASA/industry/university partnership in a National In-Space RT&E 

Program. This will also enable NASA/OAST to have an effective voice in space station 

planning, which is essential toward the success of a future in-space activities. The 

workshop, by promoting the process of NASA/industry/university interactions and by 

pointing out concerns with the developing TDM data base has provided an important 

first step towards a successful long- term space technology development effort. 

6 
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ENERGY SYSTEMS AND THERMAL MANAGEMENT 

Summary 

E a r l  VanLandi ngham 

T o  date, the l a r g e s t  space power systems i n  use have been i n  the  
range o f  10 k i l o w a t t s .  Technology i s  now being developed f o r  the  

I .O.C.  space s t a t i o n  a t  75 KW, w i t h  growth vers ions being planned a t  300 

KW and higher. 

a r e  being considered. Th is  move t o  v a s t l y  increase power l e v e l s  has 

resu l ted  i n  a technology need for  power systems capable o f  e f f i c i e n t l y  

producing these h igh  power l e v e l s  wi th  long l i f e  and low cost.  
dynamic and nuclear power systems o f f e r  promise t o  i n i t i a l l y  meet these 

i ncreased power requi  rements . I n the  1 onger term, innovat ive  
technologies such as l a s e r  power t ransmission may enhance the a b i l i t y  t o  

provide subs tan t ia l  power. With the h igher  power l e v e l s ,  and the  advent 
o f  extended space science missions and space manufacturing comes t h e  

requirement t o  both use and r e j e c t  heat i n  q u a n t i t i e s  t h a t  are orders of 

magnitude h igher  than t h a t  o f  present systems. Many o f  the  new designs 
being considered and the long term nature o f  the energy and thermal 

systems r a i s e  the quest ion o f  the need f o r  in-space experiments. 

I n  D.O.D., spacecraf t  r e q u i r i n g  power l e v e l s  above a MW 

So lar  

The Energy Systems and Thermal Management Panel reviewed t h e  

proposed experiments. 
the  ideal  l e v e l  and minimal techn ica l  d e t a i l  was avai lab le,  the 

f o l  lowing general observat ions were made: much o f  the proposed 

experimental e f f o r t  cou ld  be conducted on the ground; many o f  t h e  

proposed experiments were more appropr ia te f o r  s h u t t l e  f l i g h t s ;  some 

experiments because o f  s i z e  o r  o ther  f a c t o r s  such as sa fe ty  could no t  
reasonably be conducted on the s h u t t l e  o r  s ta t ion .  I n  the  op in ion  o f  

the  committee, the f l i g h t  experiments f e l l  i n t o  f o u r  categor ies.  

Recognizing t h a t  most o f  the experiments were a t  

(1) Confidence - genera l ly  system l e v e l  t e s t s .  

(2) .Unique Technology Issues - component l e v e l  t e s t s  t o  answer a 
question o f  how a p a r t i c u l a r  subsystem might  operate i n  zero g. 
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( 3 )  Development o f  Fundamental Understanding - Laboratory-type 
experiments t o  e s t a b l i s h  fundamental data needed design or  perhaps more 

l i k e l y  opt imize the design o f  space power systems. An example o f  t h i s  
i s  the c y c l i c  heat t rans fe r  c h a r a c t e r i s t i c s  of two phase mater ia ls  

( p a r t i c u l a r l y  s o l i d / l i q u i d )  i n  zero g. 

( 4 )  Long-Term Exposure - Atomic Oxygen, Space Plasma, etc.  

The panel suggested t h a t  cons iderat ion be g iven t o  the development 

o f  a space s t a t i o n  based general purpose power/thermal t e s t  f a c i l i t y ,  
t h a t  would prov ide power, heat  source, inst rumentat ions and cont ro ls ,  

data storage, e tc .  and the  cha rac te r i s t i cs  o f  which would be both known 

t o  and s u i t a b l e  f o r  use by the  power community. Experiments t o  address 

confidence, and unique technology issues need t o  be f u r t h e r  def ined and 
addressed on a case by case basis. 

I n  add i t i on  t o  de f i n ing  a need f o r  a general purpose t e s t  f a c i l i t y ,  
t he  panel recommended t h a t  greater p a r t i c i p a t i o n  by indust ry ,  

u n i v e r s i t i e s  and DO0 i n  the d e f i n i t i o n  o f  experiments i s  needed. Also, 
cons idera t ion  should be given t o  combining experiments across themes and 

f i n a l l y  t he  space s t a t i o n  should be instrumented f o r  data purposes. 

9 
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EXPERIMENT TITLE ADVANCED POWER SYSTEM THEWAL ENERGY STORAGE 

PROPOSED FLIGHT DATE - T B  D YEAR 

OPERATIONAL D A M  REQUIRED - /-z 
MASS - * KG 

VO1.UME: e 
STORED. W XL - X H  - I - M3 

DEPLOYED: W - X L  - X H  - - - M3 

INTERNALLY AlTACHED e=#w 
EXTERNALLY ATTACHED t=sm 
FORMATION FLYING - 
ORIENTATION (inertial. solar. earth, other) SPA C L 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP. - Hn/ lhy  - N0.0fdafi 

OPERATIONS - Ho/Day - No. of days - Inter4  

SERVICING - Hn/Day - No.of  days - Interval 

INTRA-VEHICULAR ACTIVIIY REQUIRE& 

SET-UP. - Hn/Day - No.ofdayr 

OPERATIONS - Ho/Day - No.ofdays - Interval 

SERVICING - Hn/Ihy - No. of days - Interval 

POWER REQUIRED: 

- KW AC or DC (circle one) 

- H n / h y  - N0.0f day 

DATA RATL. - Mepbits/Kcond 

DATASTORAGE - Gigabits 
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EXPERIMENT TITLE: L 1 QU 1 D DROPEL~ARLATOR TFST BFn TDMX rl132 

PROPOSED FLIGHT DATE - 1994 YEAR 

OPERATIONAL DAYS REQUIRED - 150 - 

MASS - 180 KG 

(YE s / N 0 1 
EXTERNALLY ATTACHED NO k ES (YES/NO) 
INTERNALLY ATTACHED 

FORMATION FLYING No (YES/NO) 

ORIENTATION (inertial, solar, earth, other) Snl AR 

EXTRA-VEHICULAR ACTIVITY REQUIRED. 

SET-UP: 8 Hrs/Day 1 No. of days 

OPERATIONS: - Hrs/Day - No. of days - Interval 

SERVICING: - Hrs/Day - No. of days - Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 4-6 Hrs/Day 1 No. of days 

OPERATIONS: 0 I 5 Hrs/Day 150 No. of days - Interval 

NO. of days A I R I Interval SERVICING: 1 Hrs/Day - 

POWER REQUIRED: 

3 (PEAK)  KW AC or DC (circle one) 

18 Hrs/Day No. of days 

DATA RATE: 0, I Megabits/second 

Gigabits DATA STORAGE: IO01 
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Large  P h o t o v o l t a i c  Power System Derio. EXPERIMENT TITLE: 

PROPOSED FLIGHT DATE - 1593 YEAR 

OPERATIONAL DAYS REQUIRED - 360 

VOLUME: 

STORED 
I 

W TBD x L TBD x H  = TBD 313 

DEPLOYED W 10 x L 15 x H  = 150 51-’ 

INTERNALLY ATTACHED (k’ES/NO) 
EXTERNALLY ATTACHED Yes ( Y  ES/NO) 
FORMATION FLYING Yes (YES/NO) 

ORIENTATION (inertial, solar, earth, other) S o l a r  

EXTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP TBD Hrs/Day T B D  No. of days 

OPERATIONS: 

SERVICING: H rs / Day No. of days 

H rs i Day No. of days I n  te r\,al 

Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP: “Day No. of days 

OPERATIONS: 1 Hrs/Day 360 No. of days 

No. of days SERVICING: Hrs/Day 

Interval 

Interval 

POWER REQUIRED: (Own Power 1 

N/A KW AC or DC (circle one) 

N/A  Hrs/Day 

DATA RATE: TBD Megabitsisecond 

DATA STORAGE: TBD Gigabits 

rl/A No. of days 
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EXPERIMENT TITLE:-1 npolov Test a L a r a e  Solar  Concentrator 

A1 1 Data Approximate 
PROPOSED FLIGHT DATE - 1992 YEAR 

OPERATIONAL DAYS REQUIRED - 500 

MASS - 5700 KG 

VOLUME: 250 m3 

STORED W - L 16 m xr, 4.5 m d i a  I 250 ~3 

DEPWYED W - L 45 m x~ 40 m d i a  56000 ~3 

INTERNALLY ATTACHED ( Y  ES/NO) 
EXTERNALLY ATTACHED Yes (YES/NO) 
FORMATION FLYING ng (YESINO) 

ORIENTATION ( i n e r t i a l ,  solar ,  ea r th ,  other) Solar  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

Hrs /Day  5 - 5  No. of days * SET-UP: 8 

No. of days week In t e rva l  OPERATIONS: 2 Hrs /Day  

SERVICING 8 H r s / D a y  No. of days6 - monthInterval 

- 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 4 Hrs /Day  6 No. of days 

week Interval 

SERVICING .5 Hrs /Day  No. of days week I n t e r v a l  

- OPERATIONS: *5  Hrs /Day  No. of days 

POWER REQUIRED: 

.25 'Icw AC o r @  (circle one) 

12 H r s / D a y  500 No. of days 

DATA RATE: .005 Megabits/second 

DATA STORAGE: .004 G i g a b i t s  

*Three men working 
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EXPERIMENT TITLE: TDMX 2121 - Test  Solar Pumped Laser 

A1 1 Data Approximate 
PROPOSED FLIGHT DATE - 1992 YEAR 

OPERATIONAL DAYS REQUIRED - 60 

MASS - 800 XG 

VOLUME: 18 m3 

STORED w 3 m  X L  3 m  x H  2 m  = 18 If3 

DEPIAYED W 3 X L  4 x H  1 = 38 M 3  
7 17 1 

5 36 5 
INTERNALLY ATTACHED no (YES/NO) 
EXTERNALLY ATTACHED yes (YES/NO) 
FORMATION FLYING no (Y ES/NO) 

ORIENTATION (inertial, so lar ,  earth, other) (Solar  - see TDMX 2111) 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 
SET-UP: 8 *Hrs/Day 1 NO. of days f o r  each o f  th ree  l a s e r s  

OPERATIONS: 2 Hrs/Day 1 No. of days monthlnterval 

SERVICING 2 Hrs/Day 1 No. of days week Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 0 Hrs/Day No. of days 

OPERATIONS: 0 Hrs/Day No. of days - Interval 
SERVICING 0 Hrs/Day No. of days Interval 

POWER REQUIRED: 

0.1m AC or@ (circle one) 

12 Hrs/Day 60 No. of days 

DATA RATE: .010 Megabits/second 

DATA STORAGE: ,020 Gigabits 

*Two men working 
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EXPERIMENT TITLE: TDMX 2122 Laser-to-Electric Enerqy Conversion 

PROPOSED FLIGHT DATE - 1992 YEAR 

OPERATIONAL DAYS REQUIRED - 30 

MASS - 20 KG 

VOLUME: 1 m3 

STORED w l m  X L  1 m  x H  l r n  1 M3 

DEPLOYED W X L  l m  x H  l r n  M3 

INTERNALLY ATTACHED no (YES/NO) 
EXTERNALLY ATTACHED ypq (YES/NO) 
FORMATION FLYING no (YES/NO) 

ORIENTATION ( i n e r t i a l ,  solar ,  ear th ,  other)  'Solar - see TDMX 2111) 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 2 H r s / D a y  1 NO. of days for each device 

OPERATIONS: 0 H r s / D a y  No.  of days In t e rva l  

SERVICING 0 H r s / D a y  No.  of days I n t e r v a l  

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 0 H r s / D a y  No.  of days 

OPERATIONS: 0 H r s / D a y  No.  of days I n t e r v a l  

SERVICING 0 H r s / D a y  No. of days I n t e r v a l  

POWER REQUIRED: 

0 Kw AC or  DC (circle one) 

0 H r s / D a y  No. of days 

Megabits/second _ -  DATA RATE: 10-3 

DATA STORAGE: G i g a b i t s  
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EXPERIMENT TITLE: TDM 2151 SOLAR ARRAY/ENERGY STORAGE TECHNOLOGY 

PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 700 

MASS - 2 80 K G  

VOLUME: 

STORED: W 1 . 0  XL .65 x H  .6  = .39 M3 

DEPLOYED: W XL xH = M' 

INTERNALLY AlTACHED YES (YES/NO) 
EXTERNALLY ATTACHED NO (YES/NO) 
FORMATION FLYING NO (YES/NO) 

ORIENTATION (inertial, solar, earth, other) NONE 

EXTRA-VEHICULAR ACTIVITY REQUIRED: NONE 

SET-UP. Hn/Day No. of days 

OPERATIONS Hrs/Day No. of days Interval 

SERVICING Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 5 Hn/Day 2 No. of days 

Interval OPERATIONS: 0 Hrs/Day No. of days 

SERVICING. .1 Hrs/Day 24 No. of days 2 Y R  Interval 

POWER REQUIRED 

2 KW AC or DC (circle one) 

24 Hrs/Day 700 No. of days 

DATARATE LOW Megabits/second 

DATA STORAGE LOW Gigabits 
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PROPOSED FLIGHT DATE - 1995 YEAR 

OPERATIONAL DAYS REQUIRED - 2 

-MASS - 20,000 KG 

VOLUME: 

STORED: W 2 . 5  K L lor’ Y H 3 . 5  = 6 ? . 5  \ I  

DEPLOYED: W 2 . 5  x L 50M x H 2 . 5  - - 3r?n \1 

INTERNALLY AlTACHED NO (YES,”O) 
EXTERNALLY ATTACHED YFS (YES SO) 
FORMATION FLYING’ NI] (YESlNO) 

ORIENTATION (inertial, solar, earth, other) F I  YEQ W I T H  RESPECT T9 SPACE STlT IOF!  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP 4 Hrs/Day 2 No. of days 

Hrs/Day 2 No. of days - Inter1 a1 OPERATIONS: 

SERVICING: - HrsjDay - NO. of days - I n t e r ~ 3 l  

4 

INTRA-VEHICULAR ACTIVITY REQUlRED: 

SET-UP. - Hrs/Day - No. of days 

OPERATIONS - Hrs/Day - No. of days - Inter1 31 

SERVICING Hrs,lDay - so. of days - In te rva l  - 

POWER REQUIRED: 

35 KW A C  or DC (circle one) EITHER 

4 Hrs/Day ? No. of days 

DATA RATE: N/A Megabits/second 

DATA STORAGE: N/A Gigabits 
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EXPERIMENT TITLE: D i r e c t  S o l a r  Thermal Furnace Technology 

PROPOSED FLIGHT DATE - 1995 YEAR 

OPERATIOSAL DAYS REQUIRED - 90 

MASS - 2 .DO0 KG 

VOLUME: 

STORED: w XL x H  = 31; 

DEPLOYED. W TBD XL 'IA x H = 
. 

31 -l 20 D i a .  5m 

ISTE R S  A L L J' ATTACH ED (YES/NO) 
EXTERSALLY ATTACHED Yes (YES/NO) 
FORMATION FLYING Yes (YEWNO) 

ORIEXTATION (inertial. solar. earth. other) Sol a r  

EXTRA-VEHICULAR ACTIVITY REQCIRED 

SET-L'P: T B D  Hrs Day T B D  So. of days 

OPERATIOSS: Hrs Day No. of dsys Intertal 

SERVICING: Hrs, Day No. of da>s Interval 

INTRA-VEHICL'LAR ACTIVITY REQUIRED: 

SET-UP: Hrs; Day No. of days 

OPERATIONS: Hrs/Day 
- 

Interval No. of days' 90 

SERVICING: H rs ,'Day S o .  of days Interval 

PON'ER REQCIRED: (Own Power) 

N!A KW .AC or DC (zircle one 

N / A  Hrs,Day N / A  50. of days 

DATA RATE. T B D  Megabits second 

DATA STORAGE: TBD Gigabits 
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PROPOSED FLIGHT DATE - T A D  YEAR 

OPERATION.4L DAYS REQUIRED - T s  D 

M A S  - T . D  K G  

VOI.L'ME: raD 
STORED: W X L  X H  - = 513 

x H  - I -  DEPLOYED: W X L  

IKTERXALLYATTACHED (YESiNO) 
EXTERSALLY AlTACHED (YES(- 
FORMATION FLYING - 
ORIENTATION (inertial. solar, earth. other) S O  L AR 

EXTRA-VEHICULAR ACTIVlTY REQUIRED: 

SET-UP: 7-40 Hn/Day , T Z ~ D  No. of days 

OPERATIONS: fa 0 Hn/Day T A D  No. of days - Interval 

SERVICIXG. ,YB 0 Hrs;Day 7 S D  No. of days - Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-LTP: TZ?D Hn/Day Z50 No. of days 

OPERATIONS 7B D HrsiDay 7-R D No. of days - Interval 

SERVICING: Hn/Day 7-5D No. of days - Interval 

POWER REQUIRED 

78 D KW AC or Dc (circle one) 

T A W  Hrs/Day 7-AP No. of days 

DATARATE: T S D  Megabits/second 

DATA STORAGE: = D  Gigabits 
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TDM 2565 Thermal Interface Technolog, 
Pi: MSFC.Roben Mxidieton 
Objecavt 

To develop and demonstrate uchmques to remobs componsr.rs 
from a coid plate heat s l n k  m orbit v u  EVA and replace hem. 
rts@mg adquate thermal conducavity by proper repiacemenr of 
the fill m a t e d  between component cold plate. 

DescnpdOn 
Simulated components (black boxes) rcpresenmg vanous s i m  
and fastenmg methods wdl be mounted to a cold plate Vanous 
fill m a t e d  wdl be mcorporaud between the component and cold 
plate. The simulated components wlll mcorporate controllable 
hcaun to represent heat dissipaaon of the component. 
lnsaumentation wrll measure cold plate and component 
temperatures so that conducanty from component to cold p ! a ~  
can be &tennured. An astronaut in EVA *TU remove the 
components and replace them after restonng the fill matenal T5c 
mterface thermal conducawty wdl be measured to dexrmine the 
effecuveness of the procedure. Several mals using uferen t  
methods and fa matenals WLU be ma& 
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NUCLEAR PUMPED LASERS 

by 

GEORGE H ,  M I L E Y  
U N I V E R S I T Y  OF I L L I N O I S  

EXPERIPIENTAL OBJECTIVE:  

NUCLEAR PUMPED LASERS ARE PARTICULARLY S U I T A B L E  FOR 

c TPACE APPLICATIONS DUE TO THE ENORMOUS ENERGY TO MASS R A T I O  

OF THE NUCLEAR F U E L ,  A METHOD FOR COUPLING NUCLEAR ENERGY TO 

A LASER MEDIA BY CONVERTING CHARGED-PARTICLE ENERGY TO PHOTON 

ENERGY WHICH CAN THEN BE USED FOR PHOTOLYTTC LASER PUMPING I S  

DESIRABLE DUE TO THE ATTAINABLE ENERGY FOCUSSING, 

OF URANIUM MICROSPtiERES FOR PUMPING A NUCLEAR "FLASHLAMP" WAS 

PREVIOUSLY PEOPOSED AT THE U N I V E R S I T Y  OF I L L I N O I S ,  

TESTING OF T k T  PERFORNANCE OF SUCH YIZROSPtIERES SUSPErJDED I N  

SPACE IS  PROPOSED, 

U T I L I Z A T I O N  

EXPERIMENTAL 
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NUCLEAR PUMPED LASERS 

by 

GEORGE H, MILEY 
UNIVERSITY OF ILLINOIS 

EXPERIMENT DESCRIPTION: 

THE PROPOSED EXPERIMENT I S  BUILT AROUND A URANIUM PELLET 

SUSPENSION SPHERE, URANIUM PELLETS WILL BE INJECTED INTO THE 

SPHERE FRON A STORAGE COMPARTMENT, A NEUTRON SOURCE IS CONNECTED 

TO THE SPHERE THROUGH SEVERAL LAYERS OF CADMIUM AND POLYTHYLINE 

SHIELDING ALLOWING FOR VARIATION OF NEUTRON FLUX ANI! SPECTRUM, 

THE WHOLE SPHERE I S  SHIELDEI! BEHIND SEVERAL CENTIMETERS OF CADMIUM, 

A LARGE SET OF DIAGFiOSTIC TOOLS WILL BE CONNECTED TO THE 

SPHERE, THESE INCLUDE NEUTRON, CHARGED PARTICLE, AND GAMMA 

DETECTORS AND A THERKOCOUPLE, NEUTRONS WILL BE DETECTED BY A 

‘OB IONIZATION CHAMBER SURROUNDED BY A VARIABLE THICKNESS OF 
POLYTHYLINE TO ALLOW FOR NEUTRON SPECTRA ANALYSIS ,  THE SPECTRA 

OF CHARGED PARTICLES I S  MONITORED BY A SURFACZ’ BARRIER DETECTOR 

CCNNECTED TO A MULTICYANNEL ANALYZER, THE GAMMA RAY SPECTRA I S  

MCNITORED BY A SCIWILLATIGN DETECTOR, 

THE EXPERIFIENTAL PLAN MAINLY CONSISTS OF THE STUDY OF THE 

POWER DEPOSITION AND RADIATION SPECTRA FROM A MICROPELLET DRIVEN 

FISSION SYSTEM, THE QUESTION OF STABILITY OF SUCH A DEVICE (THE 

POTENTIAL FUEL BUNCHING PROBLEM) WILL BE ADDRESSED. INIT IALLY 

OPERATION AT VERY LOW POWERS WILL BE CONDUCTED, I F  SUITABILITY 

I S  DEMONSTRATED, H I G H  POWER OPERATIONS WILL BE PLANNED FOR LATER 

M I S S I O N S ,  
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NUCLEAR PUYIPED LASERS 

by 

UNIVERSITY OF ILL I r lo Is  
GEORGE H ,  M I L E Y  

SOURCE 

TO COVPUTER 

MULT I - 
I I CHANNEL I 

I COMPUTE R 

U R A i 1 I U M P E L L E T  I !I J E C TO R 

SET-UP FOR SPACE SUSPEr4DED URAPiIUM ::ICROSPHERF.. S T U D I E S  
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GEORGE H, NILEY 
UNIVERSITY OF ILLINOIS 

EXPERIMENT TITLE: iJUCLEAR PUPlPED LASEFiS 

PROPOSED FLIGHT DATE - - 1985 YEAR 

OPERATIONAL DAYS REQUIRED - - 2  

\ iAss  - < 400 KG 

VOLUME: 

STORED: w- 3 XL - 3  x H  3 - - -2 7 51: (max, ) 

DEPLOYED: W 3 XL 3 x H  3 - - 2 7. M~ (max, ) 
INTERNALLY ATTACHED i i s  (YES/NO) 
ESTERNALLY ATTACHED (YES/NO) 
FORiMATION FLYING (YES,"O) 

ORIENTATION (inertial, solar, earth, other) , N /A  

EXTRA-VEHICULAR ACTIVITY REQUIRED: \ / A  

SET-CP: Hrs/Day No. of d3ys 

OPERATIONS: Hrs/Day No. of days Inter\ 31 

SER '-ICING: Hrs,'Day No. of days Inter\ 31 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 12  Hrs/Day -3 No. of days 

OPERATIONS: 8 Hrs/Day 2 No. of days Inter\ a1 

SERVICING: Hrs I Day No. of da)% Inter-. a1 
- - 

-- 

PO\VEK REQU!RED: 

12 

8 Hrs ,'Day 2 No. of days 

DATA RATE: - Megabits/second 

DATA STORAGE: Gigabits - 
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EXPERIMENT TITLE: SOLAR ARRAY B L r W T  ZERO-G KJLDUI' 

PROPOSED FLIGHT DATE - 1993 YEAR 

OPERATIONAL DAYS REQUIRED - 5 

MASS - 200 KG 

VOLUME: 

STORED: w 3.4 X L  12  x H  1.1 = 44.9 , L I ~  

DEPLOYED: W 5.7 X L  11.4 x H 5.0 = 325 ~3 

INTERNALLY ATTACHED NO (YES/NO) 
EXTERNALLY ATTACHED YES (YES/NO) 
FORMATION FLYING No (YES/NO) 

ORIENTATION (inertial, solar, earth, other) 1/2 OPERATIONS WITH SOLAR ILLUMINATION 

EXTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UB 3 Hrs/Day 2 No. of davs (INCLUDES BREAKDM'J) 

OPERATIONS Hrs/Day No. of days h Interval required. 

NO. of days - Interval SERVYING: None Hrs/Day - 
1NTRA-VEHICULAR ACTIVITY REQUIRED 

2 No. of days SET-UP. 3 HrsjDay 

OPERATIONS 6 Hrs/Day 5 No. of days No Interval required- 

SERVICING: None Hrs/Day I No. of days - Interval 

POWER REQUIRED: 

0.2 KW AC o DC (circle one) 0 
4 Hrs/Day 5 No. of days 

DATA R A T E  .005 Megabi ts/second 

DATA STORAGE 0.5 Gigabits 

R.V.ELMS 
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TD5.I- 2541  Tethered Electrodynamic Power Generation 
PI: MSFC/Georg von Tiesenhausen 
Objecave 

To utllur an elecuodynarmc tether to supply either electncal 
energy to the Space Station or to provide a means to reboost the 
Space Sranon to io nominal altitude. 

Descnpnon 
A 100 Km elccmdynaxmc tether deployed vemcally from the 
Space Sratlon to generate DC power levels m the 100 Kw range at 
the expense of orbital altltude. Conversely, use of the tether to 
funCQOn as thruster by injectmg m the tether a reverse c m n t  to 
boost back the orbital alntude to the nortunal value The power 
phase would occur dunng the dark pencd, the boost  phase dunng 
the dayhght pen&. 
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6 
THERMAL ENERGY S T O R A ~ E  FOR SOLAR 

PROPOSED F L I G H T  DATE - 1990 YEAR 

OPERATIONAL DAYS R E Q U I R E D  - 3 
YASS - APPROX br3 KG 

VOLUME: 

STORED W X L  x H  .E c)s02 H3 

DEPLOYED W X L  x H  = os02 M3 

INTERNALLY ATTACHED YFS (YES/NO) 
EXTERNALLY ATTACHED (YES/NO) 
F O W A T I O N  F L Y I N G  ( Y  ES/NO) 

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  o t h e r )  ANY 
EXTRA-VEHICULAR ACTIVITY REQUIRED: NONE 

SET-UP:  H r s / D a y  N o .  of d a y s  

O P E R 9 T I O N S  : H r s / D a y  N o .  of d a y s  I n t e r v a l  

S E R V I C I N G  H r s / D a y  N o .  of days  I n t e r v a  1 

INTRA-VEHICULAR A C T I V I T Y  REQUIRED:  MONE 
SET-UP:  H r s / D a y  N o .  of days  

OPERATIONS:  H r s / D a y  N o .  of days  Xn te rva l  

S E R V I C I N G  H r s / D a y  N o .  of d a y s  I n t e r v a l  

POWER REQUIRED:  

5 AC o r  DC c i r c l e  one) INTERMITTENT T7-K AC LONT I NJOUS 
H r s / D a y  5 No. of days 

DATA RATE: TBD Megabits/second 

DATA STORAGE: TBD Gigabits 
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